Introduction
Sleep disorders are very common in patients with Parkinson's disease (PD), and include rapid eye movement (REM) sleep behavior disorder (RBD), sleep fragmentation/insomnia, excessive daytime sleepiness, restless legs syndrome, and obstructive sleep apnea [1] [2] [3] [4] [5] [6] [7] [8] [9] . Sleep disorders negatively affect quality of life in patients with PD [10, 11] . Despite the importance of identifying and treating sleep disorders in patients with PD, there is a relative lack of large-scale, randomized controlled trials of sleep treatments in this population. This review will discuss available literature, presenting randomized controlled trials whenever available (Table 1) , but future studies providing high quality evidence remain much needed [12] .
Screening for Sleep Problems in Patients with PD
A recent review of sleep scales for use in PD was completed by a task force of the Movement Disorders Society [13] . Scales were recommended for use in PD if they met 3 criteria: 1) use in PD patients; 2) use by at least 1 investigative group beyond the original developers; and 3) psychometric data showing the scale to be valid and reliable. Based on these criteria, 4 scales were recommended for the assessment of sleep symptoms in PD patients. Two scales [the Epworth Sleepiness Scale (ESS) and the Pittsburgh Sleep Quality Index] are not PD-specific, while the two others [the Parkinson's Disease Sleep Scale (PDSS) and Scales for Outcomes in Parkinson's Disease-sleep scale] were specifically developed for PD populations.
dreams [17] . Treatment for RBD is generally recommended when there is substantial risk of injury to the patient or bed partner, or when there is severe sleep disruption [18] . Because RBD frequently manifests in patients who will ultimately develop a synucleinopathy [19] [20] [21] , and because most treatment studies of RBD have included a mix of patients with and without diagnosed PD, this section will consider RBD treatments used in patients with and without comorbid PD.
Nonpharmacologic therapy revolves around safety measures, for example use of a hospital bed with padded bed rails or removing potentially dangerous objects from near the bed. A customized bed alarm that plays a soothing message from a familiar person, triggered by patient movement, has shown preliminary benefit in a small series of RBD patients with treatment-refractory disease [22] . Although such a device is not yet widely available, a bed partner may sometimes be similarly able to halt an episode of dream enactment by gently reassuring the patient that they are dreaming and suggesting they return to sleep. Until recently, there were no randomized controlled trials for the treatment of RBD, and clonazepam was considered first-line therapy, based on published clinical experience. Several large case series (totaling >250 patients) using clonazepam in patients with RBD (with or without PD) have reported partial or complete response rates of 87-90 %, with typical doses of 0.5-2.0 mg at bedtime [23] [24] [25] [26] . Although development of tolerance and substance abuse appear to be low when clonazepam is used for RBD and other sleep disorders [24, 27] , other benzodiazepine side effects may be especially problematic in a PD population. In particular, excessive daytime sleepiness, confusion, and cognitive impairment may be seen in up to 58 % of patients using clonazepam for the treatment of RBD [28] , although other patient series have yielded lower rates of adverse events [27] . The presence of sleep apnea, dementia, or a high baseline risk of falling are relative contraindications to the use of clonazepam [29] , and the common occurrence of these problems in PD patients may further limit the usefulness of clonazepam in this population.
Recently, 2 small randomized controlled trials have been performed to assess different pharmacologic treatment [33] . None of the patients in the trial reported adverse reactions, although prior open-label use of melatonin for RBD has been associated with headache (13 %) and carryover sleepiness (13 %) [32] . In a survey of 45 patients with RBD who were assigned to treatment with either melatonin or clonazepam based on physician preference, over half of whom had comorbid neurodegenerative diseases, both treatments appeared reasonably effective [34] . For overall subjective ratings of improvement, moderate or better improvement was noted in 48 % of patients treated with melatonin (median effective dose 6 mg) and 78 % of patients treated with clonazepam (median effective dose 0.5 mg; p =0.06 for the comparison). Considering individual features of treatment response, a statistically significant improvement from pretreatment was noted only for melatonin therapy with respect to the frequency of injury, falls, and severity of injury (although a non-significant trend toward improvement with clonazepam was noted for all but the latter). Overall, side effects were not different between groups (61 % on clonazepam vs 33 % on melatonin; p =0.07), nor were they different when specifically considering unsteadiness (39 % on clonazepam, 7 % on melatonin; p =0.07) or dizziness (22 % on clonazepam, 4 % on melatonin; p =0.08). Yet, among patients who discontinued therapy, the main reason for doing so differed between groups, with side effects reported as the main reason in clonazepam-treated patients and lack of benefit reported in melatonin-treated patients. Average duration of treatment prior to participation in this study was 27 months for melatonin-treated patients and 54 months for clonazepam patients (not significantly different), providing some support for the chronic use of these medications for RBD [34] . As impairment of cholinergic pathways has been implicated in the development of RBD [35] , cholinesterase inhibitors might be useful in treating RBD. A randomized, double-blind, crossover trial of the cholinesterase inhibitor rivastigmine in 10 patients with PD provided support for this hypothesis [36] . In this trial, use of rivastigmine in a 4.6 mg/ 24 h transdermal patch resulted in a significant decrease in bed partner-reported RBD episodes compared to placebo. All patients enrolled in this study had previously failed to respond to both melatonin and clonazepam. It is unclear at present if the beneficial effect of rivastigmine represents a drug-specific effect or would be seen with the entire class of cholinesterase inhibitors. Donepezil has been reported to reduce the frequency and severity of RBD events in 4 of 6 patients [37, 38] , but others have suggested anecdotally that donepezil is ineffective in RBD associated with DLB [32] .
Although not designed primarily to measure the effect on RBD, a randomized controlled trial of memantine in patients with PD dementia or dementia with Lewy bodies used a single question (as part of the Stavanger Sleepiness Questionnaire) to measure the severity of physical activity during sleep [39] . Patients randomized to the memantine arm (final dose of 10 mg twice daily) had a significant decrease in severity of nocturnal movement compared with controls, suggesting that memantine might be considered in refractory RBD cases.
Conflicting data exist regarding the efficacy of pramipexole for RBD. In 3 open-label case series, pramipexole was reported to be effective in 63-89 % of treated patients based on subjective reports of RBD behaviors [40] [41] [42] . In all of these series, patients either had idiopathic RBD or their associated neurodegenerative disease was mild (i.e., mild PD or mild cognitive impairment). In contrast, in a series of PD patients with RBD, who had an average Hoehn and Yahr score of 1.86 at study entry, there were no differences in either measured RBD behaviors on polysomnography or subjective reports of behaviors when pramipexole was added to a stable levodopa regimen [43] . Those patients who respond to pramipexole tend to have less severe RBD [44] , which might explain the apparent discrepancy between these series. Thus, while prampexole might have a role in the treatment of idiopathic RBD, it may be less likely to benefit PD patients with severe or advanced disease.
Levodopa has been anecdotally reported to decrease the frequency or severity of RBD events in a few patients with PD or DLB [45, 46] . However, these isolated reports are not supported by any additional literature suggesting that RBD might be improved by levodopa. In particular, an early study of levodopa in PD patients, prior to the definition of REM behavior disorder in the medical literature, suggested that levodopa was associated with nightmares and vivid dreams [47] . More recently, in a series of 351 patients with PD, the presence of RBD was associated with higher levodopa dose [48] . Levodopa use by PD patients does not appear to affect either the percentage of time spent in REM sleep [48] , nor the presence of REM without atonia [49] . Therefore, it does not seem likely that levodopa would beneficially affect RBD symptoms.
Because of the potential for harm from untreated severe RBD, other agents may be considered when the above treatments are ineffective or contraindicated. In a case series, zopiclone was effective in controlling RBD symptoms in 8 of 11 patients [28] ; only its s-enantiomer, eszopiclone, is available in the USA. Based on single published cases, benefit in RBD has been reported with use of sodium oxybate [50] , carbamazepine [51] , desipramine [52] , and clonidine [53] .
Treatment of Insomnia
Sleep fragmentation and sleep maintenance insomnia are among the most frequent sleep complaints reported by PD patients [5] . Before embarking on pharmacologic or behavioral treatments for insomnia in PD patients, a careful evaluation of the type of sleep disturbance that is occurring is needed. If the sleep disturbance is associated with uncontrolled motor symptoms in the night, changes in dopaminergic therapy may be beneficial (see "Effects of Dopaminergic Medications" below). Nocturia (defined as voiding ≥2 times per night) is present in nearly two thirds of PD patients, and is associated with severe reports of bother, as well as disrupted sleep architecture, in 20 % [54] . In these patients, treatments targeted at nocturia, rather than insomnia itself, may be beneficial. Untreated depression, another common feature of PD, can exacerbate insomnia symptoms, and its treatment may improve comorbid insomnia [55] .
In patients with chronic insomnia, regardless of etiology, treatment with behavioral interventions is recommended with the highest level of recommendation by the American Academy of Sleep Medicine [56] . This reflects the highgrade evidence supporting the use of cognitive-behavioral therapy for insomnia (CBT-I) in patients with or without comorbid conditions [56] , although there is a shortage of trained providers and insurance coverage is variable. However, this treatment modality has yet to be evaluated as a single intervention in a randomized controlled trial of PD patients, but one study has evaluated CBT-I in combination with bright light therapy [57] . In this randomized, but unblinded, study, CBT-I was administered in a group setting, consisting of 6 weekly 90-min sessions. In addition, patients received light therapy with 10,000 lux lightboxes, with timing of administration depending on whether the patient had primarily sleep onset insomnia (light therapy in the morning) or primarily sleep maintenance insomnia (light therapy for the 30 mins before bedtime). The placebo condition was 30 mins of light therapy with sub-threshold red light. The CBT-I/light therapy group demonstrated a significant improvement in several subjective measures of insomnia severity (including 1 of 2 primary outcome measures), but improvements were not seen in all outcomes. In particular, the total Unified Parkinson's Disease Rating Scale (UPDRS) and the Parkinson's Disease Questionnaire (PDQ) 39-item were both worsened in the active therapy group relative to the placebo group [57] . The authors hypothesized that the increased "awareness of self" developed during CBT may have made patients more aware of their disease-related limitations and thus more likely to rate their quality of life as poor, but did not offer a mechanistic hypothesis for the deterioration in UPDRS scores. Further work is needed to separate the effects of bright light therapy and group CBT-I, as well as the potential benefit of individual CBT-I or other behavioral interventions in PD.
If pharmacologic therapy for insomnia is chosen, there are a variety of options that are US Food and Drug Administrationapproved for the treatment of insomnia. However, the majority of these approved medications, as well as those frequently used off-label for the treatment of primary insomnia, have not been studied in patients with PD. The exceptions to this are eszopiclone, doxepin, and melatonin. Eszopiclone is a gammaaminobutyric acid-A receptor agonist approved for the treatment of insomnia. Thirty PD patients with either sleep maintenance or sleep onset insomnia were randomized to eszopiclone or placebo, with an age-based dosing of medication (3 mg for those under 65 years old and 2 mg for those aged 65 years or older) [58] . Patients with a Mini Mental Status Exam score of <26 were excluded, as were patients with comorbid sleep disorders, including sleep apnea, periodic limb movements, or RBD. Dropouts were common (3 in the eszopiclone arm and 8 in the placebo arm). The primary end-point, total sleep time measured by sleep diary, was not different between groups (19.5 additional mins in the eszopiclone group; p =0.11). However, several secondary endpoints were improved on active drug, including decreased number of awakenings, improved quality of sleep, and improved clinician's global impression of sleep improvement. Side effects thought possibly to be related to eszopiclone were present in 2 patients (13 %), and included daytime sleepiness and dizziness. Zolpidem, a commonly prescribed sedative-hypnotic in the same medication class as eszopiclone, has not been studied for insomnia in PD patients, but may improve motor symptoms [59] .
Doxepin, dosed at 10 mg at bedtime, was compared with an inactive red light placebo treatment in a third arm of the CBT-I/light therapy study discussed above [57] . Treatment allocation was randomized, but not blinded. In both primary outcome measures (the Insomnia Severity Index and the Scales for Outcomes in Parkinson's Disease-night scale) at 6 weeks, there was a significant benefit of doxepin. Several secondary outcome measures also showed a beneficial effect of doxepin, including the Fatigue Severity Scale (FSS). There was no significant worsening in measures of daytime sleepiness and a significant improvement in MoCA scores in the doxepin-treated patients (with MoCA improving 3.4 points relative to the placebo group) [57] . Other tricyclic antidepressants, for example amitriptyline, are sometimes used off label to treat insomnia, but have not been systematically studied in PD patients. Trazodone, another sedating antidepressant, is widely prescribed for insomnia. It is sometimes posited to be safer than sedative-hypnotics, although scant data are available to support or refute this assertion [60] . A small, randomized, controlled study evaluating the motor effects of trazodone in Parkinson's patients demonstrated an improvement in UPDRS scores (decreasing 5.5 points with trazodone use vs increasing 4.0 points in the no-treatment control group), which was strongly correlated with improvement in depression (Spearman r=0.74; p =0.034) [61] . Despite this potentially encouraging result, studies in healthy adults, older adults, and depressed adults have suggested that there may be risks of trazodone use that could be clinically meaningful in the PD population. These include increased rates of hip fracture or falls, dysequilibrium, impairments in short-term memory, and worsening verbal memory [60, [62] [63] [64] . Studies evaluating the magnitude of these effects relative to those accompanying other pharmacologic treatments for insomnia are needed, both within the PD population and in insomnia patients in general.
Melatonin (3 mg) was compared with matched placebo in 18 PD patients in a randomized, double-blind trial [65] . The authors found significant improvement in subjective sleep quality (as rated by the Pittsburgh Sleep Quality Index, mean change from baseline 3.8 vs 1.2 on placebo; p =0.03). Their co-primary outcome, objectively measured sleep quality by polysomnography, did not demonstrate any difference between groups. There were no adverse events and melatonin therapy had no impact on motor function [65] . The lack of objectively measured improvement is broadly consistent with meta-analyses of melatonin for sleep in non-PD populations, which have suggested a statistically significant, but clinically modest, improvement in objectively measured sleep, for example decreasing sleep latencies by 4.0 to 7.2 mins [66, 67] . Individual patients, however, may appreciate a symptomatic improvement in sleep quality even in the absence of objective improvement, so melatonin may be considered on a case-by-case benefit pending more definitive studies of melatonin in PD.
Quetiapine has been preliminarily evaluated for insomnia in PD patients without psychosis in an open-label study of 14 patients [68] . Following 3 months of treatment (mean quetiapine dose of 32 mg), 11 of 14 patients had improvement in insomnia severity, as measured by the Pittsburgh Sleep Quality Index. Two of 14 patients discontinued therapy for adverse events. Given potential safety concerns with antipsychotic medications, especially in those patients with comorbid dementia, we do not consider quetiapine to be a first-line treatment for insomnia.
Treatment of Excessive Daytime Sleepiness and Fatigue
Daytime sleepiness and fatigue are common problems in patients with PD [69] . Typically, poor-quality or short duration nocturnal sleep results in daytime sleepiness or fatigue through the actions of the sleep homeostat. Also known as Process S, the sleep homeostat increases the drive to sleep in the presence of sustained wakefulness and decreases the drive to sleep as sleep is obtained [70] . In patients with PD, however, this homeostatic regulation of sleep may be impaired. In particular, while fragmented nocturnal sleep is a common problem in PD patients, multiple studies have shown that in PD patients, daytime sleepiness and nocturnal sleep time or sleep efficiency are positively correlated (i.e., the patients with the most nocturnal sleep also demonstrate the highest levels of daytime sleepiness) or unrelated [71] [72] [73] [74] [75] . Thus, while interventions to improve nocturnal sleep may still be beneficial in PD patients, it is not uncommon for sleepiness to be present in patients with sufficient nocturnal sleep or after the successful treatment of any comorbid nocturnal sleep disorders. Interventions that have been studied in randomized controlled trials for the treatment of excessive daytime sleepiness and/or fatigue in PD include modafinil, amphetamines, caffeine, and memantine.
The most commonly studied agent for any sleep disorder in PD patients is the wake-promoting agent modafinil. While the mechanism of action is unknown, it is thought possibly to reflect activity through noradrenergic and dopaminergic systems [76] . Five placebo-controlled, double-blind, randomized trials have been performed evaluating modafinil, 200-400 mg/day, for sleepiness and/or fatigue in PD [77] [78] [79] [80] [81] . Although several of the studies did not individually show a significant benefit of modafinil on subjective sleepiness (as measured by the ESS, a 24-point measure of likelihood of dozing), combining data from 4 of the studies yields an estimated decrease of 2.3 points on the ESS on modafinil versus placebo (p <0.05; Fig. 1 ), a modest, but clinically meaningful, decrease in sleepiness. The fifth study could not be included in meta-analysis, but found a significant decrease in ESS scores on modafinil versus placebo (decrease in median ESS by 9 points in the modafinil group and by 0 in the placebo group) [81] . Four of these studies also included at least one subjective measure of fatigue, which was not improved in any of the studies with modafinil [77] [78] [79] 81] , except for the Clinical Global Improvement scale of fatigue in 1 [81] . Objectively-measured motor fatigabilty (fingertapping) was improved in the one study that examined it [77] . Importantly, the studies that used objective measures of sleepiness, either the maintenance of wakefulness or the multiple sleep latency tests, did not find an objective benefit of modafinil on sleepiness [79, 80] . While this may represent a lack of power, it is also possible that modafinil results in subjective, but not objective, improvements in sleepiness [82] . This disconnect between symptoms and performance is particularly important for patients participating in activities for which objective sleepiness may cause impairments, for example driving.
A randomized, placebo-controlled, double-blind trial of caffeine was recently conducted to determine the effects on sleepiness and motor function in PD patients [83] . Patients were dosed with 100 mg twice daily (upon awakening and after lunch) for 3 weeks, then 200 mg twice daily at the same time points. At the primary endpoint (the ESS), there was no significant improvement with caffeine at either dose using an intention-to-treat analysis, although there was a significant decrease in ESS of 1.97 points using a per-protocol analysis.
Of the secondary outcomes related to sleepiness, only the Clinical Global Impression of Change (CGI-C) of somnolence was significantly improved with caffeine. Interestingly, there was a significant improvement in UPDRS total and motor scales in the caffeine group. The authors concluded that there was no significant benefit for sleepiness of caffeine, although the motor improvement may warrant further investigation [83] .
Reports of clinical use of amphetamines for the treatment of sleepiness associated with parkinsonian syndromes date back to at least the early 1950s [84] . Methylphenidate, dosed as 10 mg 3 times per day, was compared with a matched placebo in a double-blind, parallel group trial for fatigue in PD patients [85] . Using two different measures of subjective fatigue, the FSS and the Multidimensional Fatigue Inventory, patients in the methylphenidate group had significant reductions in fatigue severity. Three patients dropped out of each arm for side effects, and side effects were more commonly reported in the placebo group than the methylphenidate group. Therefore, methylphenidate might be useful for PD-related fatigue. However, consensus guidelines have highlighted the potential for abuse of methylphenidate, which theoretically might be of higher concern in a PD population at risk for dopamine dysregulation syndrome or impulse control disorders [82] .
Memantine was tested in a pilot controlled trial for a variety of non-motor symptoms of PD, which included subjective sleepiness and fatigue. Patients were titrated to a dose of 20 mg per day or matched placebo and reassessed at 8 weeks. There were no significant improvements from memantine for either sleepiness or fatigue [86] .
Sodium oxybate was used in an open-label, non-randomized study of 30 PD patients with excessive daytime sleepiness [87] . Patients were excluded for mini-mental status examination scores <25 or for clinically meaningful sleep apnea. Dose was titrated from 2.25 g twice nightly up to a maximum of 4.5 g twice nightly, based on clinical response. Patients reported significant improvements in both ESS and FSS (p <0.001 for both), and polysomnographically-measured sleep demonstrated an increase in stage N3 and decrease in REM sleep. Three patients (10 %) dropped out of the study owing to side effects, which included dizziness and depressive symptoms, and average apnea-hypopnea index per hour of sleep increased from 7 to 13 (where 5-15 events/h define mild sleep apnea) [87] . Although this is promising preliminary data, sodium oxybate does have two US Food and Drug Administration "black box" warnings, one for being a central nervous system and respiratory depressant, causing obtundation in clinical trials, and one for having abuse potential, as it is a sodium salt of gamma hydroxybutyrate. Careful consideration of the risk:benefit ratio in individual Parkinson's patients would therefore be needed before using this agent.
Treatment of Restless Legs Syndrome/Periodic Limb Movements of Sleep
When restless legs syndrome (RLS) and PD co-exist in the same patient, the RLS symptoms may be adequately treated with the dopaminergic therapy used for PD, as dopamine agonists are effective for treatment of RLS [88, 89] . Several other drug classes are effective for RLS symptoms in patients without PD, and may be considered in PD patients if needed. These include gabapentin and related medications (i.e., pregabalin, gabapentin enacarbil) and opiates [88, 89] . Studies evaluating the effect of subthalamic nucleus deep brain stimulation on comorbid RLS in patients with PD have been mixed. Development of new RLS symptoms was noted in 11 of 195 implanted patients in one study, which was attributed to medication reduction by the authors [90] . In contrast, 2 other groups found improvements in RLS severity in PD patients after subthalamic nucleus stimulation, even with reduction in dopaminergic medications in some patients [91, 92] . To our knowledge, there have been no clinical trials of RLS treatment in PD patients.
Treatment of Obstructive Sleep Apnea
Obstructive sleep apnea (OSA), a disorder characterized by repetitive cessations or reductions of respiration during sleep, does not appear to be more common in patients with PD than Fig. 1 Meta-analysis of studies assessing modafinil versus placebo for excessive sleepiness in Parkinson's disease. Mean ± S.D. reflect the Epworth Sleepiness Scale scores on modafinil and placebo, respectively. For the Hogl study, S.D. were not provided for the on-treatment scores, so S.D. for baseline scores were used as an approximation for the purpose of this meta-analysis. The Adler and Hogl studies used crossover designs, but data presented in the Adler study were from the first treatment period only (i.e., treating the study as a parallel group design) and in the Hogl study appeared to represent both treatment periods combined by medication ( [77] [78] [79] [80] ). Analysis was performed using RevMan version 5.2 in age-matched controls [93] [94] [95] [96] , although studies have not universally supported this [97] . However, OSA is common in the middle-aged-to-elderly general population [98] , and thus is still frequently encountered in PD patients. OSA is typically treated with continuous positive airway pressure (CPAP), which is beneficial in reducing sleepiness in OSA patients [99] . Clinical experience suggests that individual PD patients may experience improvement in daytime sleepiness with CPAP use, although some patients may not have the motor dexterity required to affix and position CPAP equipment. A randomized controlled trial of continuous positive airway pressure (CPAP) therapy for obstructive sleep apnea in patients with PD has recently completed, but results are not yet available [100] . Mandibular advancement devices have recently been shown to be similarly beneficial to CPAP in improving daytime sleepiness and driving performance in OSA patients without PD [101] , and thus might be a reasonable alternative for PD patients.
Effects of Dopaminergic Medications for PD on Sleep Symptoms
The treatments used for PD motor symptoms may have a substantial impact on comorbid sleep disorders and symptoms. For example, dopamine agonists are known to be sedating, even in healthy controls [102] . A meta-analysis of treatment trials in early PD suggests that non-ergot dopamine agonists increase sleepiness, with odds ratios of 2.16 (confidence interval 1.53-3.03) for pramipexole and 3.75 (confidence interval 2.52-5.59) for ropinirole [103] . There may be a divergent effect on sleepiness of dopamine agonists versus levodopa, such that patients medicated with either are sleepier than unmedicated patients, but higher doses of dopamine agonists worsen objectively measured sleepiness, while higher doses of levodopa lessen objectively measured sleepiness [74] . Levodopa has been associated with at least transient sleep-onset insomnia [104] . Therefore, it is important to consider these direct medication effects on sleep symptomatology in the PD patient.
Several randomized controlled trials of levodopa preparations have considered subjective or objective sleep variables [105] [106] [107] [108] . An early study of 11 PD patients suggested a significant improvement in subjective rating of sleep quality on a visual analog scale with carbidopalevodopa, dosed either as 50/200 at bedtime or 25/100 at bedtime, and again at 03:00 AM, versus placebo [105] . In contrast, a polysomnographic study of 32 patients with akinetic-rigid PD did not demonstrate any acute benefit on objectively measured sleep variables from 50/200 carbidopalevodopa extended release versus placebo [108] ; in this study, patients were not blinded (although polysomnography scorers were), and subjective ratings of sleep were not reported. The difference between the results of these 2 studies is not likely to represent an inherent difference between immediate-and controlled-release preparations of levodopa, as 2 relatively large studies (totaling 239 patients) randomizing PD patients to 1 of the 2 preparations found no difference in any subjective measure of sleep quality [106, 107] . Importantly, none of these studies selected patients specifically because of the presence of any sleep symptoms. In clinical practice, bedtime dosing of dopaminergics is sometimes considered for patients reporting motor symptoms that interrupt sleep; the suitability of levodopa for such purposes has yet to be evaluated within a randomized trial.
Dopamine agonists have been specifically evaluated with respect to effects on sleep in several randomized controlled trials. The EASE-PD Adjunct study randomized 393 advanced PD patients with insufficient response to levodopa to adjunctive therapy with extended release ropinirole or placebo, considering the PDSS and the ESS as secondary outcomes [109] . There was a statistically significant, but likely not clinically meaningful, improvement in PDSS scores in the ropinirole-treated group (i.e., 1.2 points on a 150-point scale), and no significant differences in ESS scores (7.8 in the ropinirole group vs 7.7 in the placebo group) [109] . However, a post hoc analysis of the EASE-PD data separated the study population by baseline PDSS scores into those with and without sleep symptoms, and found a significant and more clinically meaningful improvement in PDSS scores (adjusted mean difference of 9 points; p =0.005) in those with sleep symptoms at baseline [110] . The RECOVER study was designed specifically to evaluate the effects of dopamine agonist therapy on PD patients with problematic early morning motor symptoms, with the PDSS-2 serving as a coprimary endpoint. The 287-patient study showed a significant improvement in PDSS-2 scores (4.3 points improvement vs placebo, on the 60-point PDSS-2 scale; p <0.0001) in the group treated with rotigotine transdermal patch [111] . Taken together, these 2 studies suggest that 24-h dopamine agonist therapy may benefit subjective measures of sleep, particularly in those patients with sleep complaints or early morning motor dysfunction.
Conclusions and Future Directions
Sleep disorders are common and problematic in patients with PD. These disorders are readily treatable in the general population, although further studies are clearly needed to better delineate the most effective approaches to these disorders in patients with PD. Future studies should evaluate not only improvements in subjective symptoms and quality of life, but also possible improvements in motor function or disease course with the treatment of comorbid sleep disorders in PD.
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